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Firearm injuries of the left ventricle are often fatal. Success-
ful outcome depends on the rapid identification of all injuries
and development of a well-organised, effective treatment
plan. We report the case of a patient that sustained multiple
thoracoabdominal gunshot wounds, one causing a cardiac
injury, which was successfully repaired using Alloderm
(human acellular tissue matrix, LifeCell Corp., Brachburg,
NJ). The placement of Alloderm on the cardiac wound pro-
vided a biologic reinforcement of the ventricular injury,
helping to decrease the incidence of a late rupture or aneur-
ismal dilatation of a severely weakened area.
The institution from which this report originates does not
require institutional review board approval for publication of
retrospective reports.
Case report
A 36-year-old Hispanic male was brought to the emergency
department after sustaining multiple gunshot wounds. Initial
survey revealed one gunshot wound to the left chest and two
abdominal gunshot wounds in the right upper quadrant and
left upper quadrant. Upon arrival, he had a heart rate of 100* Corresponding author. Tel.: +1 215 707 3632; fax: +1 215 707 4357.
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Open access under the Elsevier OA license. and a systolic pressure of 110 mmHg. The patient was agi-
tated (GCS 14) and was urgently intubated for airway protec-
tion. With decreased breath sounds over the left hemithorax,
a chest tube was inserted, returning 200 cm3 of bloody
drainage. Abdominal examination revealed mild epigastric
tenderness without evidence of peritonitis, and guaiac-nega-
tive rectal examination. The initial radiographs (chest, abdo-
men, and pelvis) revealed a foreign body projecting over the
right thoracoabdominal area and free intraperitoneal air
(Figs. 1 and 2). The findings on the plain films suggested a
transthoracic trajectory of one of the gunshot wounds.
Resuscitation began as the patient was transported emer-
gently to the operating room.
In the operating room, a right-sided chest tube was
inserted. There was no significant bloody drainage. A peri-
cardial window was performed through a small left anterior
thoracotomy. The pericardium was noted to be very tense
and when opened, frank blood returned. The thoracotomy
incision was extended to a bilateral thoracotomy (‘‘clam-
shell’’). Injuries were noted to both the left lingula and the
right lower lobe parenchyma. Both injuries were rapidly
treated with wedge resections. The pericardium was opened
with evacuation of a moderate amount of hemopericardium.
Two tangential partial thickness cardiac wounds were iden-
tified. One 2.5 mm wound was identified in the posterior
lateral aspect of the left ventricle along with a large
3.5 cm  3 cm wound of the posterior surface of the left
ventricle (Figs. 3 and 4). There was active bleeding from the
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Figure 1 X-Ray of the chest (anterior—posterior view) at the
time of the patient’s initial presentation on the trauma bay.
Findings are a right hemothorax or a possible pulmonary contu-
sion, a metallic foreign body over the right lower chest/upper
abdomen, presence of an endotracheal tube, a nasogastric tube
and a left-sided chest tube.
Figure 3 Intraoperative picture of the posterior surface of the
heart. Two cardiac wounds were identified; one in the posterior
apex and the second was a blast injury to the posterior surface of
the left ventricle which appear to be partial in thickness. A piece
of Alloderm is being sutured (without cardiopulmonary bypass)
to the left ventricle wound.margins of both wounds. Haemostasis was obtained with
electrocautery. Then we proceeded with the exploratory
laparotomy.
Upon exploration of the abdomen, a moderate amount of
hemoperitoneum was found along with four gastric injuries,
two injuries to the right lobe of the liver, and a right
diaphragmatic injury. The gastric injuries were repaired by
performing two small wedge resections. The liver injuries
were haemostatic, and no intervention was necessary. Eso-
phagogastroduodenoscopy demonstrated an intact oesopha-
gus, intact gastric repairs and normal first and second portionFigure 2 X-ray of the abdomen and pelvis (anterior—posterior
view) at the time of the patient’s initial presentation on the
trauma bay. A nasogastric tube is present, a paper clip on the left
upper quadrant, a right upper quadrant metallic fragment and a
large amount of free intraperitoneal air.of the duodenum. A polypropylene suture was used to repair
the right diaphragmatic defect from the right thoracic cavity.
An Alloderm bioprosthesis was cut to the size of the ven-
tricular defect providing an overlap of approximately 2—3 mm
and was sewn in a continuous fashion to the margins of the
defect using a 3-O-polypropylene suture (Figs. 3 and 4). The
posterior ventricular apex wound was repaired with a poly-
tetrafluoroethylene pledgeted 3-O-polypropylene suture.
Both cardiac repairswereperformedwithout cardiopulmonary
bypass. A post-operative trans-oesophageal echocardiogram
showed an ejection fraction of 35%.
The patient’s post-operative course was significant for
bacteraemia. On post-operative day 11, physical examina-
tion revealed drainage from the chest incision that was
consistent with fat necrosis. The patient underwent a
computed tomography of the thorax, which revealed bilat-
eral patchy infiltrates/loculated effusions, and inflamma-Figure 4 Intraoperative picture of the posterior surface of the
heart while Alloderm is being sutured (without cardiopulmonary
bypass) to the partial thickness left ventricle wound.
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Figure 5 Computed tomography of the thorax (coronal view)
showing infiltration of the mediastinal and subcutaneous fat.tory changes of the subcutaneous/mediastinal tissues
(Fig. 5). The patient was subsequently returned to the
operating room for exploration of the thorax. Poor healing
and fat necrosis were evident along the chest wound.
Cloudy fluid was cultured and subsequently drained from
the mediastinum. However, granulation tissue was seen at
the cardiac repair sites. Bilateral loculated effusions were
drained as well. Ultimately, cultures from the mediastinal
and pleural fluid were negative and the patient was empiri-
cally started on broad-spectrum antibiotics for a presumed
ventilator associated pneumonia. Eventually the patient’s
sputum cultures demonstrated methicillin-resistant-Sta-
phylococcus aureus and the antibiotics were de-escalated
appropriately. On post-operative day 28, the patient under-
went a tracheostomy due to ventilator-dependent respira-
tory failure. Within the next week following the
tracheostomy, the fevers resolved, he was weaned from
mechanical ventilation, and transferred to the regular
hospital floor. On post-operative day 35, the patient was
discharged from the hospital. The patient was seen over the
past 18 months in clinic. His wounds are well healed and he
remains afebrile. Follow up echocardiogram revealed no
changes from the previous one. His activity level and
functional status are back to baseline.
Discussion
Alloderm is an innovative, biologic tissue graft material
created by decellularisation of donated human skin.11 The
resulting tissue matrix lacks the cellular components that
elicit rejection,11 but it retains a structurally intact base-
ment membrane complex, intact collagen fibers and bun-
dles to support tissue ingrowth. The intact elastin fibers
provide biomechanical integrity and the components
necessary to initiate angiogenesis and cellular migration.2
This vascular ingrowth allows Alloderm to be less suscep-
tible to complications associated with synthetic materials
such as infections, erosions, and extrusion.2 The abscence
of inflammation in Alloderm, in contrast to other synthetic
materials, has been reported in animal models.12,14,15
There is no significant difference in tensile strength or
attenuation between Alloderm and other synthetic materi-
als such as polytetrafluoroethylene patch (PTFE). Allodermhas been used in adults for repair of large ventral hernias
and as a fascial substitute in contaminated fields. Also, it
has been used in the treatment of fistulas arising in patients
with open abdominal wounds.
Alternative methods for cardiac coverage described in
the literature include a pericardial patch (autologous or
bovine), Teflon felt patch (Meadox Medical Inc., Oakland,
NJ), polytetrafluoroethylene patch, latisimus dorsi muscle
flap, fascia latae, direct suture, de-epithelialised free der-
mal skin grafts as well as rectus abdominis and pectoralis
major muscle.4,6—10,13 We did not use a pericardial patch
because the pericardiumwas potentially contaminated with
gastric contents. A muscle flap will usually require cardio-
pulmonary bypass and results in prolonged operation time in
a critically injured, often cold, coagulopathic, and acidotic
patient. Repair using fascia lata involves a two-stage pro-
cedure (dissection of the fascia lata and cardiac repair) that
also results in a prolonged operating time when compared to
one-stage techniques. Risk of graft infection prevents the
placement of PTFE or Teflon in contaminatedfields. Repair of
a ventricular wall with rectus fascia, Teflon during cardio-
pulmonary bypass and primary or secondary wound closure
using pectoral myoplasty, omentoplasty, or muscle flap are
demanding techniques in an emergency situation.5 Even if
technically complex surgery may be done, the prognosis
remains poor.16,17
The management of penetrating cardiac injuries in the
setting of a patient with multiple gunshot wounds along with
multiple organ injuries poses a challenge for the trauma
surgeon. In our patient, once haemostasis of the left ven-
tricle was achieved, we proceeded with the abdominal
exploration. After haemostasis was achieved and further
contamination prevented in the bilateral lung, right dia-
phragm, gastric and hepatic injuries, we proceeded with
the cardiac repair. Due to the multiple organ injuries and
potential GI contamination, we were interested in a one
stage cardiac repair with Alloderm for its proven resistance
to infection. The placement of Alloderm on the cardiac
wound resulted in a simple and time efficient technique with
acceptable results. Although the Alloderm product is costly,
this repair will provide a biologic reinforcement of the partial
thickness ventricular injury and help decrease the incidence
of a late rupture or aneurismal dilatation of a severely
weakened area.
Ventricular rupture or aneurismal dilatation of the ven-
tricle is rare but a potentially fatal complication of cardiac
injury. Ventricular rupture is usually caused by the re-opening
of sternotomy wounds early in the post-operative period,
when the heart is adherent to the posterior surface of the
chest wall.1 Other authors have reported ventricular aneur-
ysm or rupture after primary closure or after reinforcement
of primary closure.3,16,17 Despite using Alloderm for coverage
of the ventricular defect, our patient remains at increase risk
of developing a ventricular aneurysm. Due to themorbidity of
this type of injury, a strict follow up schedule is necessary to
recognise any further weakening of the repair (i.e. ventri-
cular aneurysm). In the event that the patient requires a
ventricular resection, he will undergo an isolated cardiac
procedure. We thought that performing a ventricular resec-
tion at the initial operation in the setting of multiorgan
injuries on a critically ill patient may carry a high morbidity
and mortality.
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Alloderm may provide a safe prosthetic support for the repair
of a partial thickness cardiac defect secondary to a gunshot
wound. This case demonstrates the technical feasibility and
durability ofAlloderm,asaprostheticmaterial in the settingof
a contaminated field in a patient with multiple organ pene-
trating trauma injuries. More data are needed to establish the
long-term durability of Alloderm used for such applications.
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